Sedimentary coastal areas change rapidly and are economically and environmentally important. This research focuses on determining the extent to which natural dynamics and human activity have contributed to visible changes on Rodas, Cíes Islands in southwestern Galicia (NW Spain). The number of visitors to the islands has increased in recent years, and the port infrastructure has therefore been expanded. Previously, this zone experimented with important sand extraction phases. These changes have influenced the ecosystem directly by modifying the sedimentary behavior and indirectly by promoting even greater numbers of visitors to the area. Aerial images and orthophotographs of the study zone were examined to identify changes that have taken place over the last sixty-one years . Changes in the position of the shoreline, defined as the boundary of the dune vegetation, were mapped at different times between 1956 and 2017. Changes in the shoreline were quantified using GIS (Geographic Information System) technology and Digital Shoreline Analysis System (DSAS) software. The findings revealed that the system regressed by more than 30 m between 1956 and 1981, in part as a result of sand extraction. We also identified different erosion/accretion phases that occurred before the reformation of the Rodas dock in 2010. The system is currently undergoing important changes, especially in the northern area, with a regression of 14.14 m in the last seven years. In this context, LiDAR analysis from 2010 and 2015 using Geomorphic Change Detection (GCD) tools allowed variations in the dune system to be verified. The elevation in the study zone increased in 83% of the area, mainly in the frontal dune and close to the winter inlet (north sector). However, the variations were very small.
Introduction
The coastal zone is a very vulnerable area. Tidal and storm-induced flooding and changes in coastal dynamics have huge influences on this environment by transforming it and possibly causing important material damage in the areas most strongly impacted by anthropogenic activity [1] .
Coastal dynamics are affected by multiple factors such as changes in the sea level [2] , the frequency and intensity of storms [3] [4] [5] , geomorphological dynamics close to the littoral zone, and the availability of sediments [6] . The need for in-depth knowledge of the factors related to coastline evolution has increased in recent years within the context of global change, and protocols have been developed to minimize the potential effects of such change [7, 8] .
The coastal zone comprises diverse types of land [9] , which can be categorized simply as sedimentary or rocky. The former exhibits greater dynamism than the latter over a short space of time and its greater fragility has led many researchers to focus their studies on sedimentary coastline areas. The study of these systems has also been driven by the strong impact of tourism in many of these areas, as coastal planning requires knowledge of such impacts and the changes that occur [10] .
Different methods have been used to analyze changes in coastal areas [11] [12] [13] [14] [15] . However, the essential starting point for any study of this type is to define and delimit the shoreline to enable quantification of any changes that take place. The shoreline refers to the intersection between the Earth's surface and the sea. Nevertheless, delimitation of this line is not straightforward, as the intersection is highly dependent on the scale of both temporal and spatial analyses. Changes in the shoreline occur continuously and should be interpreted with this in mind and not by considering only one-off changes, as is commonly done [16] . In addition to the difficulty with mapping and delimitation, selection of the point where change can be monitored is also problematic. Different options have traditionally been used, the most common of which are the high-water line (HWL), the dune toe [17] , and the cliff toe/top [18] . Selection of a marker is based on the availability of information about the area and characteristics such as the tidal range or presence/absence of dune vegetation.
In recent years, the number of studies about coastal vulnerability has grown [19, 20] . This is due primarily to interest in the consequences of global change (e.g., an increase in frequency of storms or the sea level rise). These analyses have been made from multiple, such as the study of local newspapers on the periodicity and damages [21] , or the use of remote sensing and aerial images [22] . It is necessary to highlight the great evolution of remote images in the last decades as well as the use of unmanned aerial vehicles (UAVs) for coastal analysis. This technology allows more detailed studies with centimetric accuracy [23] [24] [25] .
Global change has great importance at the local level. These effects are especially relevant in areas where, due to their natural or landscape interest, attract a great number of people. This is the case for Illas Atlánticas Natural Park, where Cíes Island is located. In this archipelago, singular and valuable natural elements that do not appear in nearest continental shore are protected. Island access is very easy due to the excellent boat communication and the close proximity to Vigo city. This means that a relevant amount of people visits the islands to explore their beaches and not due to their natural value, as was seen in fieldwork campaigns. This human pressure on the beach-dune system of Rodas is a challenge to their stability, as also demonstrated in other insular places, such as Menorca [26] . The beach-dune system of Rodas is a singular space in the NW of the Iberian Peninsula. Thus, this research has the purpose of obtaining detailed information about natural and human-induced modifications that have occurred in this system over the last 61 years.
To analyze the variations in the Rodas system, two types of software were used. The DSAS (Digital Shoreline Analysis System) [27] was used to analyze the coastline variation (in two dimensions) from aerial images. On the other hand, to analyze the volumetric variations, GCD (Geomorphic Change Detection) software was used [28] . These data and software were used to obtain the variation values and temporal tendencies in the study area. This study seeks to understand how the shoreline variations are linked to the natural dynamics, historical use of the area, and pressure from tourism in recent years.
Study Area
The study was conducted on the Rodas beach-dune system on the sheltered eastern side of the Cíes Islands (Figure 1 ) about 5 km from the coast of southwestern Galicia (NW Spain) in the Illas Atlánticas de Galicia National Park. The cliffs on the western side of the archipelago are high (up to 170 m) and steeply sloping (80°), while those on the eastern side are lower (150 m) and less steep (70°).
The swell affecting the archipelago predominantly comes from the west and northwest throughout the year ( Figure 2 ). The waves have a clear western component during winter, and this changes towards the north as autumn approaches. Moreover, it is necessary to highlight the importance of SW waves, which are more important in energetic events. The waves reach maximum heights in winter, often exceeding 5 m between October and February. Sandy areas, including the Rodas system, only occur on the eastern side of the island where the influence of maritime storms is lower than on the western side [29] . The tidal regime ( Figure 2 ) in the area is meso-tidal (2-4 m) and semidiurnal [30, 31] . The Rodas system is affected by the most energetic events. In these moments, the waves exceed the dike and can erode the system, especially in the north sector, where there is currently an ephemeral inlet opening [32] . The swell affecting the archipelago predominantly comes from the west and northwest throughout the year ( Figure 2 ). The waves have a clear western component during winter, and this changes towards the north as autumn approaches. Moreover, it is necessary to highlight the importance of SW waves, which are more important in energetic events. The waves reach maximum heights in winter, often exceeding 5 m between October and February. Sandy areas, including the Rodas system, only occur on the eastern side of the island where the influence of maritime storms is lower than on the western side [29] . The tidal regime ( Figure 2 ) in the area is meso-tidal (2-4 m) and semidiurnal [30, 31] . The Rodas system is affected by the most energetic events. In these moments, the waves exceed the dike and can erode the system, especially in the north sector, where there is currently an ephemeral inlet opening [32] . Although a general study of the Cíes Islands was recently conducted [29] , most research has concerned the Rodas beach-dune-lagoon system. This area was analyzed by Costas and colleagues from different perspectives, including the effect of storms on this low-energy beach [33] , coastal evolution (using georadar technology) [34] , quantification of system variations in the last decades [35] , and the role of human influences on the evolution of the system [36] . These works do not include the last decade of information. A historical reconstruction of the system was recently conducted using marine records [37] . Other studies have investigated the influence of wildlife on the ecosystems of the archipelago [38] [39] [40] , mainly focusing on the impacts of seagull colonies on the soil and vegetation. The aim of this study is to show the more recent system evolution as well as applying new techniques for calculating the volumetric variations experienced in recent years. Although a general study of the Cíes Islands was recently conducted [29] , most research has concerned the Rodas beach-dune-lagoon system. This area was analyzed by Costas and colleagues from different perspectives, including the effect of storms on this low-energy beach [33] , coastal evolution (using georadar technology) [34] , quantification of system variations in the last decades [35] , and the role of human influences on the evolution of the system [36] . These works do not include the last decade of information. A historical reconstruction of the system was recently conducted using marine records [37] . Other studies have investigated the influence of wildlife on the ecosystems of the archipelago [38] [39] [40] , mainly focusing on the impacts of seagull colonies on the soil and vegetation. The aim of this study is to show the more recent system evolution as well as applying new techniques for calculating the volumetric variations experienced in recent years.
Rodas beach is about 1000 m in length, and its width varies between 40 m at the ends to 150 meters in the central zone. It is a sheltered/pocket beach where the structure and types of rocks are key factors to understand the geoforms. The wave action is very limited [33, 41] . In this sector, on account of refraction and diffraction (northern headland), the NNW waves arrive at the beach in parallel [36] . For their part, the SW waves have a small angle of incidence, but generally, these waves have a great erosive potential, as demonstrated by their links with the most energetic events [33] .
In the case of Rodas, the presence of a lagoon connected with the open sea at the occidental end is also significant. During the most energetic events, this facilitates dune erosion, and can even open a channel in the north of the sedimentary area in moments of storm and high tidal events. [36, 42] . Until the 1950s, the inlet opened in the south sector [42] . These energetic events and the beach morphology hamper the availability of sediment for retrieval. Rodas beach is about 1000 m in length, and its width varies between 40 m at the ends to 150 meters in the central zone. It is a sheltered/pocket beach where the structure and types of rocks are key factors to understand the geoforms. The wave action is very limited [33, 41] . In this sector, on account of refraction and diffraction (northern headland), the NNW waves arrive at the beach in parallel [36] . For their part, the SW waves have a small angle of incidence, but generally, these waves have a great erosive potential, as demonstrated by their links with the most energetic events [33] .
In the case of Rodas, the presence of a lagoon connected with the open sea at the occidental end is also significant. During the most energetic events, this facilitates dune erosion, and can even open a channel in the north of the sedimentary area in moments of storm and high tidal events. [36, 42] . Until the 1950s, the inlet opened in the south sector [42] . These energetic events and the beach morphology hamper the availability of sediment for retrieval.
Rodas beach sediment consists predominantly of very well-rounded quartz (95%) and some biogenic material. Furthermore, in [43] a grain size of about 0.44 mm was identified in the dune, backshore, and beach, while in the steps, this value increased to 0.78 mm [42] .
Tourism is a key factor for understanding the dynamics of Rodas. The number of visitors to the Cíes Islands has increased greatly in recent years, although there is now a limit of 2200 people and 800 campers per day. In recent years, there has been a conflict with the transport companies in relation to the maximum number of tourists. As a result, the companies have had to pay penalties, and the government has formed a new system for controlling visitor numbers. These visitors represent a new variable that must be taken into consideration when studying the dynamics of the system. Since regular boat trips to the islands first started in the 1950s [44] , the number of visitors has undergone a dramatic increase, particularly in recent years. Thus, in 2008, the number of visitors arriving at Cíes by regulated transport was 135,494, and in 2016, the corresponding number was 244,337, i.e., an increase of more than 100,000 people in just eight years. These numbers do not include people arriving in private boats (26,578 in 2016) or researchers and participants in activities taking place in nearby waters (information provided by the public use area of the Atlantic Island of Galicia National Maritime-Terrestrial Park). It is relevant that currently, tourists visit the islands outside of high season. The arrival of tourists now occurs year-round, except the winter months, due to the meteorology conditions.
Material and Methods
Data were obtained from eight aerial surveys extending from 1956 to 2017 (Instituto Geográfico Nacional de España (IGN) ( Table 1) . From these images, the area was analyzed in different periods to understand the dominant dynamics at each moment. One of the main difficulties with this type of study lies in the errors associated with the images (e.g., the errors associated with deformation of the images, terrain relief, georeferencing, the time of the year of acquisition, and the interpretation or measuring errors when mapping the shoreline) [45] . The level of error associated with aerial photographs is particularly high due to the great number of intermediate processes involved in producing these images. However, the level of error has been greatly reduced through the application of recent technologies and the use of high-resolution digital elevation models (DEMs) to produce orthophotographs. In this study, it was assumed that the error for each of the dates was accumulative [18] , so the inherent uncertainty of the image was added to the associated georeferencing error in the case of aerial photographs and possible errors related to the cartography of the shoreline.
Different methods of shoreline delimitation were evaluated in relation to the quality of images available and the fact that the study area is characterized by sediments with the presence of dune vegetation. The seaward line of dune vegetation was selected as the reference line for determining change [16, 46] . Use of the high-water level as the shoreline was excluded as there are significant differences in the meso-tidal zone, and the images were taken at different times of the year. The dune vegetation line [16, 46] was considered to be the most easily identifiable and stable element in all images, even considering the difficulty in mapping this line, mainly due to the image quality and their capture in different seasons. In this study, the shoreline definition was done manually (Figure 3 ) based on the aerial photography or orthophotography interpretation at a scale of 1:500 for each image. their capture in different seasons. In this study, the shoreline definition was done manually ( Figure  3 ) based on the aerial photography or orthophotography interpretation at a scale of 1:500 for each image. The analyzed area is 575 m long and was divided into three sectors designated north, central, and south to facilitate the interpretation of the results. Transects were established perpendicular to the shoreline at 5 m intervals. Analysis of the changes was carried out by mapping the existing shoreline at different times and subsequently applying the Digital Shoreline Analysis System (DSAS) [27] , a software extension for ArcGIS 10.5 software (license USC) ( Figure 4 ). The results were interpreted by considering three different estimators: the net shoreline movement (NSM), the end point rate (EPR), used for the analysis of shorelines with the same level of uncertainty regarding their position, and linear regression (LRR), used for the periods when the shoreline position was associated with different levels of uncertainty [47] . These parameters are defined as follows:
The NSM is the difference (in m) between the oldest and most recent line. The EPR is the value of the NSM divided by the number of years separating the two lines (expressed as the change in m/year). The analyzed area is 575 m long and was divided into three sectors designated north, central, and south to facilitate the interpretation of the results. Transects were established perpendicular to the shoreline at 5 m intervals. Analysis of the changes was carried out by mapping the existing shoreline at different times and subsequently applying the Digital Shoreline Analysis System (DSAS) [27] , a software extension for ArcGIS 10.5 software (license USC) ( Figure 4 ). their capture in different seasons. In this study, the shoreline definition was done manually ( Figure  3 ) based on the aerial photography or orthophotography interpretation at a scale of 1:500 for each image. The analyzed area is 575 m long and was divided into three sectors designated north, central, and south to facilitate the interpretation of the results. Transects were established perpendicular to the shoreline at 5 m intervals. Analysis of the changes was carried out by mapping the existing shoreline at different times and subsequently applying the Digital Shoreline Analysis System (DSAS) [27] , a software extension for ArcGIS 10.5 software (license USC) ( Figure 4 ). The results were interpreted by considering three different estimators: the net shoreline movement (NSM), the end point rate (EPR), used for the analysis of shorelines with the same level of uncertainty regarding their position, and linear regression (LRR), used for the periods when the shoreline position was associated with different levels of uncertainty [47] . These parameters are defined as follows:
The NSM is the difference (in m) between the oldest and most recent line. The EPR is the value of the NSM divided by the number of years separating the two lines (expressed as the change in m/year). The results were interpreted by considering three different estimators: the net shoreline movement (NSM), the end point rate (EPR), used for the analysis of shorelines with the same level of uncertainty regarding their position, and linear regression (LRR), used for the periods when the shoreline position was associated with different levels of uncertainty [47] . These parameters are defined as follows:
The NSM is the difference (in m) between the oldest and most recent line. The EPR is the value of the NSM divided by the number of years separating the two lines (expressed as the change in m/year).
LRR is equivalent to EPR but includes the uncertainty associated with the calculation of the regression line by adapting to the lines where the associated error is lowest [27] . This parameter fits the line with a least-squares technique. In all cases, the study used a confidence interval of 95%.
The analyses were carried out at different temporal scales. In order to obtain an overall view of the study area, the changes over the entire period between 1956 and 2017 were first considered. The period was then split into two broad phases, 1956-1981 and 1981-2017 , in order to examine the possible effect of increasing anthropological activity on this coast. Finally, a more detailed analysis was conducted to examine the impact of infrastructure renovation by comparing the period of 2008-2010 with 2010-2017.
Following the analysis of 2D variations, the volumetric changes in the dune system were calculated from LiDAR data (IGN) from 2010 and 2015 using GCD software on ArcGIS 10.5 [28] . For this analysis, we used the complete point cloud (all categories) and filtered the anomalous values with the same software. This application generated two digital surface models (DSMs), one for each date, and calculated the variations considering a Limit of Detection (LoD) of ±0.2 meters for elevation values ( Figure 5 ) in relation to LiDAR data technical specifications. The GCD software generated a new raster file named the Difference of DEM (DoD), which represented the variation between both dates. 
Results
The results of this study are presented in chronological order, from the longest to the shortest periods and from the oldest to the most recent analyses. In order to facilitate interpretation of the results and to identify the various dynamics existing along the study area, reference is always made to the changes in the three estimators defined in the Material and Methods Section.
Period 1956-2017
Analysis of the entire study period revealed a net shoreline retreat throughout the system ( Figure 6) , with the least erosion occurring in the central sector of Rodas Beach. The values were highest in the southern part of the north sector and in the south sector. These data suggest ( Table 2) that mean rates of erosion were about 0.37 to 0.43 m year -1 , but as the period is fairly long, it is likely that the beach experienced more rapid erosion events punctuated by compensatory sedimentary phases. As shown by the NSM parameter values, the total variation exceeded 30 m. 
Results
Period 1956-2017
Analysis of the entire study period revealed a net shoreline retreat throughout the system (Figure 6) , with the least erosion occurring in the central sector of Rodas Beach. The values were highest in the southern part of the north sector and in the south sector. These data suggest ( Table 2 ) that mean rates of erosion were about 0.37 to 0.43 m year −1 , but as the period is fairly long, it is likely that the beach experienced more rapid erosion events punctuated by compensatory sedimentary phases. As shown by the NSM parameter values, the total variation exceeded 30 m. 
Period 1956-1981
A high level of erosion occurred in the earlier part of the study period, particularly in the northern and southern sectors ( Figure 6 ) and (Table 3 ). On average, the retreat was greatest in the northern sector (-1.48 m yr -1 ) and was significantly lower in the more central part (-1.01 m yr -1 ) of the beach. This period coincided with the highest waves-13.09% exceeded 3 m. 
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Period 1956-1981
A high level of erosion occurred in the earlier part of the study period, particularly in the northern and southern sectors ( Figure 6 ) and (Table 3 ). On average, the retreat was greatest in the northern sector (−1.48 m yr −1 ) and was significantly lower in the more central part (−1.01 m yr −1 ) of the beach. This period coincided with the highest waves-13.09% exceeded 3 m. 
Period 1981-2017
Erosion rates were much lower during this period than from 1956 to 1981, and there was also greater spatial variability in the rates along the beach ( Table 4 ). The northern sector remained almost static, with a high level of accretion in the far north. Sedimentation also occurred in the majority of the south sector. In the rest of the system, there was generalized retreat of less than 5 m over the period. Rates of retreat were highest in the southern zone of the south sector and in various areas of the central sector ( Figure 6 ). The prominence of areas that experienced little erosion or deposition is evident by the fairly low mean retreat rate in the NSM parameter. This was a very large period where the wave dynamics and NAO (North Atlantic Oscillation) values varied widely. This variation explains, in part, the low evolution rates in relation to different erosive and sedimentary phases. 
Period 2008-2010
Sedimentation was generally observed in the north and central sectors during this period ( Table 5 ). Retreat rates showed very low erosion, with this being concentrated in the northern part of the southern sector ( Figure 6 ). This was the only part of the beach with negative change values for this period. In these years, waves above 3 m represented the lower series value, with 10.52%. Furthermore, for these dates, the NAO index presented negative values, especially in 2010. 
Period 2010-2017
The shoreline retreated throughout almost the entire area during this period, especially in the north sector (Table 6 ). Small areas of deposition were detected in the northern part of the south sector and in the southern part of the central sector ( Figure 6 ). Retreat was particularly high in the north sector and at the southern end of the system with NSM values above 14 m. There was an increase in waves above 3 m during this period, representing 12.4% of the total waves. The storm frequency increased during these years, especially in comparison to the preceding period. 
GCD Analysis 2010-2015
In global terms, for the period of June 2010 to July 2015, the Rodas system experienced an accretion phase over most of the study zone ( Table 7) . The surface analysis showed that, for an LoD of 0.2 m, the raised area exceeded 15,000 m 2 , representing over 75% of the total area. The net volume difference was positive in Rodas, with an increase of near to 6700 m 3 . This increase in elevation is especially important in the frontal dune along the whole system and in the north sector (Figure 7 ). In the frontal dune, this change could be related to beach gradient variations. These variations are mainly the result of the different forces that occur in this sector, such as the frequency and power of storms. The north accretion zone coincides with the area usually occupied by the winter inlet. This change can be linked to the different behaviors in winter in terms of the number of storms and their virulence. The 2014-2015 winter was less energetic in comparison with previous years, which facilitated sedimentation in this zone.
Median NSM (meters) -9.26 -15.79 -9.40 -5.40
GCD analysis 2010-2015
In global terms, for the period of June 2010 to July 2015, the Rodas system experienced an accretion phase over most of the study zone ( Table 7) . The surface analysis showed that, for an LoD of 0.2 m, the raised area exceeded 15,000 m 2 , representing over 75% of the total area. The net volume difference was positive in Rodas, with an increase of near to 6700 m 3 . This increase in elevation is especially important in the frontal dune along the whole system and in the north sector (Figure 7 ). In the frontal dune, this change could be related to beach gradient variations. These variations are mainly the result of the different forces that occur in this sector, such as the frequency and power of storms. The north accretion zone coincides with the area usually occupied by the winter inlet. This change can be linked to the different behaviors in winter in terms of the number of storms and their virulence. The 2014-2015 winter was less energetic in comparison with previous years, which facilitated sedimentation in this zone. 
Discussion
Many studies have analyzed the interrelation between natural and anthropic factors in coastal areas [48, 49] . For the most part, variation has been shown to exist in coastal systems, but the authors have not quantified the human impact related to these changes. Infrastructure development and urbanization in coastal areas are the main factors linked to the modern dynamics [50] . Discerning between natural and anthropic changes in the Rodas system, as in other zones, is very complicated, because these factors are interrelated in the time and space [51] . Thus, all suppositions about coastal analysis should understand this problem and make an effort to improve the analytical techniques, for example, determining, in detail, the effect of tourists in a determinate zone in relation to the loss of sand.
Erosion and/or accretion may occur between monitoring dates, and both processes depend on the season and the number of energy events that have occurred in a particular year. This becomes evident when analyzing shorter time cycles, e.g., in the central sector, both erosion phases (between 1956 and 1981) and sedimentation phases (between 2008 and 2010) were identified. The moment of aerial image acquisition should also be taken into consideration. In this sector, energetic events can modify the shape. In this case, the images are from the summer, when the waves are lower and the storms are not relevant.
One key factor for understanding the evolution of coastal systems is the availability of sediment in nearby areas. The amount of sediment remains almost stable in the archipelago as there is no input of sand from the mainland [34] , thus ruling out the possibility that the construction of dams [52] has influenced the dynamics of the Rodas system. The input of sediment via circulation in the Ría de Vigo is greatly influenced by the dense population in this area. Generally, the largest proportion of sediment corresponds to old deposits containing a high proportion of biogenic material [32, 36] . The most important changes in the Rodas system occurred between 1956 and 1981, during which the net retreat exceeded 30 m in the north and south sectors. This led to the appearance of an inlet in the northern part of Rodas that connects the lagoon with the sea during winter storms, while the inlet that formed up until the 1950s in the southern sector disappeared gradually [37] . The differences in this period are primarily due to the human activities in the area, such as sand extraction [43] . There is no data to quantify variation in this area due to these activities. To conduct a correct analysis of variations by examining old aerial photographs, the level of uncertainty must be considered (in this case, 4 m in the oldest images), as the estimated rates of retreat may be affected by this margin of error.
There is no information about wave dynamics or other information in relation to forces that impact Rodas for the entire period. Analysis with the SIMAR dataset was initiated in 1958 for point 1044069. With this dataset, the wave height variation for all periods could be verified. The higher values were in the period of 1956-1981, the moment of major erosion in the system, when the waves above 3 m represented 13.09% of all waves. Since the year 1981, the percentage of waves above 3 m has decreased, especially between 2008 and 2010.
During the period of 1981-2017, the erosive dynamics have only affected the central sector and, to a very small extent, the north sector. The coastline in the north sector of the Rodas system has retreated by more than 14 m since 2010. This may be due to the enlargement of the Rodas dock (in 2010) and the opening of the winter inlet from the lagoon at the north end of the system. The latter is particularly important when many storms occur in the area. Different energetic events occurred in the period considered, with waves higher 8 m, especially in 2013 and 2014 [53] , which may have contributed to the more severe erosion in the north sector in relation to the ephemeral inlet [32] . The number of periods with waves above 6 m has increased in recent years. Since 2010, the winter of 2014, mentioned previously, and February 2017 should be highlighted as they had a mean wave direction of 265°when there were images of the storm impact in the lagoon and north sector. Both dates coincide with a positive NAO index [54] .
Although in the latter periods there was a positive relation between erosion phases and NAO positive values, this was not always exact [55] . In the Galician coast context, the NAO influence is subtle in comparison with other zones, such as the United Kingdom [56] .
In the first period considered , erosion was closely linked to the extraction of sand in the system, while in the most recent period, the presence of tourists was one of the most important factors affecting the changes in the Rodas system. The effect of the visitors can be clearly observed in the paths created through the dune vegetation [43] . These are easily recognizable in the most recent orthophotographs and influence the transport of sedimentary material in this area as well as in the dune vegetation and the general dynamics of the system. In recent years, the park created a light fence to prevent the tourists entering these areas. The increase in the number of visitors has led to the construction of more infrastructure or the expansion of existing infrastructure, as in the case of the Rodas dock (Punta Muxieiro). The length of this dock increased by ≈10 m and its width increased from <5 to >15 m. Shoreline retreat in the north sector may be related to the expansion of the Rodas dock carried out in 2010. The work done on this structure influenced the system by varying the availability of sediments in the north sector and the influence of the swell in this zone. Moreover, this sector is the closest to the area where visitors arrive and therefore, is one of the most frequented areas. Clear signs of erosion were also observed in the south sector in this period, following the dynamics observed throughout the historical series analyzed, in which a gradual loss of sand was observed in this area.
The volumetric variation analysis shows that the Rodas system experienced an accretion phase between 2010 and 2015. The elevation and volumetric differences for this period were very low. In the majority of the study zone, these variations did not exceed 0.2 m (the limit of detection). The main differences appeared in the frontal dune and in the north area, close to the current ephemeral inlet location. This is related to the minor importance of storms in this period (except in the winter of 2013-2014 [53] ) and the possibility of the system recovering to a similar shape after the winter's energetic events. This has a special significance in the north sector, which is the most affected by these events. This analysis allowed us to check the frequent variations in the Rodas system. It would be interesting to analyze these in detail to better understand the yearly behavior of the sedimentary system and to allow rapid detection of possible anthropogenic influences.
Other studies have estimated the amount of sand removed from the beach by tourists during their visits [57] . This factor may be of interest in a site such as the Cíes Islands. During the summer months, large numbers of tourists visit the Rodas system and are expected to influence the dynamics of this area. In this context, it is necessary that the authorities elaborate and follow a concrete plan to protect this zone and avoid possible damage linked to tourism or infrastructure expansion.
The improvement in processing techniques and data acquisition has led to great progress in coastal research. It is necessary to continue to analyze the annual dynamics in protected natural areas such as the Cíes Islands to better understand them. Simultaneously, it would be very interesting to monitor Rodas beach with new technologies, such as UAVs, to investigate the events that affect this area with a greater temporal and spatial resolution. More research could increase the knowledge of actual dynamics and improve the management measures. On the other hand, analyzing LiDAR data for other dates could be very interesting for determining the volumetric variations over a large period. Such analyses will allow us to determine the coastal dynamics and understand the system behavior in detail.
Conclusions
The following main conclusions can be drawn from this study:
• Aerial orthophotographs are very useful for this type of study because of the high level of detail that they provide, which improves the traditional estimates of changes in the littoral zone. • New technologies can improve the results by providing better spatial and temporal resolution. In relation to this statement, it could be interesting to analyze Rodas beach with a greater temporal resolution to determine the sedimentary behavior in full detail.
•
The coastline clearly retreated between 1956 and 2017. The most important erosive events occurred between 1956 and 1981.
Since 2010, severe erosion has occurred in the system, especially in the north sector, which is the closest to the dock (enlargement in this period) and the opening of the winter inlet.
The major storm periods in recent years have been linked to positive values of the NAO index. This relation can be used to better understand the recent dynamics in Rodas.
The volumetric analysis showed that the north zone, in proximity to the ephemeral inlet, experienced an elevation between 2010 and 2015. This was related to the winter conditions and the possibility of system recovery.
Anthropogenic activities, such as changes in infrastructure to cope with greater numbers of tourists, or extracting activities, can modify the existing dynamics in this coastal system, with subsequent loss of sediment. 
